A close association between early-life experience and cognitive and emotional outcomes is found in humans. In experimental models, early-life experience can directly influence a number of brain functions long-term. Specifically, and often in concert with genetic background, experience regulates structural and functional maturation of brain circuits and alters individual neuronal function via large-scale changes in gene expression. Because adverse experience during sensitive developmental periods is often associated with neuropsychiatric disease, there is an impetus to create realistic models of distinct early-life experiences. These can then be used to study causality between early-life experiential factors and cognitive and emotional outcomes, and to probe the underlying mechanisms. Although chronic early-life stress has been linked to the emergence of emotional and cognitive disorders later in life, most commonly used rodent models of involve daily maternal separation and hence intermittent early-life stress. We describe here a naturalistic and robust chronic early-life stress model that potently influences cognitive and emotional outcomes. Mice and rats undergoing this stress develop structural and functional deficits in a number of limbic-cortical circuits. Whereas overt pathological memory impairments appear during adulthood, emotional and cognitive vulnerabilities emerge already during adolescence. This naturalistic paradigm, widely adopted around the world, significantly enriches the repertoire of experimental tools available for the study of normal brain maturation and of cognitive and stressrelated disorders including depression, autism, post-traumatic stress disorder, and dementia.
INTRODUCTION: A RATIONALE FOR NATURALISTIC MODELS OF CHRONIC EARLY-LIFE STRESS
Early postnatal life represents a period when the quality of the infant's experience and specifically of the interaction with the mother is associated with emotional and cognitive outcomes (Ammerman, Van Hasselt, & Hersen, 1991; Fernald & Gunnar, 2009) . Epidemiological data suggest that adverse early-life experience, especially chronic early-life stress (CES) can have a life-long impact on cognitive and emotional functions. Adverse early-life conditions, including poverty, loss of a parent, substance abuse by the mother or maternal depression are associated with vulnerability to psychopathologies later in life (Halligan, Herbert, Goodyer, & Murray, 2007; Lupien, McEwen, Gunnar, & Heim, 2009; Repetti, Taylor, & Seeman, 2002; Schore, 2000) . Stress-related disorders, including depression, anxiety and post-traumatic stress disorders, appear to be especially sensitive to the effects of CES (Bremner, Southwick, Johnson, Yehuda, & Charney, 1993; Browne & Finkelhor, 1986; Heim, Newport, Mletzko, Miller, & Nemeroff, 2008; Lynch & Cicchetti, 1998; MacMillan et al., 2001; Paolucci, Genuis, & Violato, 2001) . In addition, cognitive and executive functions seem to be affected by childhood adversity in epidemiological studies (Kaplan et al., 2001; Nelson et al., 2007; Wilson et al., 2007) . Among the most influential studies of these effects are those of institutionally reared children, where chronically impoverished care was associated with cognitive and emotional deficits, and these were partially reversible by early fostering (Gunnar, Frenn, Wewerka, & Van Ryzin, 2009; Gunnar, Morison, Chisholm, & Schuder, 2001; Nelson et al., 2007) . Because prevention of chronic childhood stress is unlikely, approaches promising post hoc clinical interventions are needed. These, in turn, require an understanding of the processes by which CES influences the growing brain. Although the epidemiological studies described above suggest that CES influences later pathology, the correlational nature of these studies precludes direct causal inferences. Indeed, ethical concerns prevent direct manipulation of early environment in children, and uncontrollable factors including genetic predisposition cannot be fully accounted for. Animal models enable testing direct causal relationships, as well as control of genetic background and prenatal environment. In addition, parameters of interest can be manipulated and subsequent experiences can be controlled throughout the entire period of investigation. Finally, direct access to specific brain regions coupled with neuroanatomical, biochemical and genetic approaches can tease out the regions, circuits, mediators and signaling cascades that might contribute to the profound effects of early-life experience on adult outcome (Claessens et al., 2011; Enoch, 2011; Gillespie, Phifer, Bradley, & Ressler, 2009; Korosi & Baram, 2009; Roth & Sweatt, 2011; Schmidt, Wang, & Meijer, 2011) .
undergoes dramatic growth, characterized by neurogenesis and differentiation; by 28 weeks of gestation, the number of neurons is 40% greater than in the adult (Levitt, 2003) . Far from mature, the early postnatal brain continues to undergo significant developmental processes, including axonal and dendritic growth, synaptic stabilization and synaptic pruning (Levitt, 2003) . Thus, maturational processes span developmental periods including prenatal, perinatal, infancy, and adolescence. In addition, brain regions mature at different velocities and trajectories for each one, and these trajectories differ across species (Avishai-Eliner, Brunson, Sandman, & Baram, 2002) . These dynamic multiple and co-incident developmental trajectories raise several issues in conceptualizing suitable animal models for CES .
Because of the consensus about the potential importance of adversity to the "developing brain," this area has been a focus of intense research. However, the term "early-life" has often been employed to describe different developmental windows including prenatal, early postnatal (until weaning at postnatal day (PND) 21) or even the adolescent period (peripubertal, PND 25-35 in rodent). As mentioned, brain regions mature at different velocities and trajectories for each one, and these trajectories differ across species (Avishai-Eliner et al., 2002) . Therefore, it is difficult to directly compare the age of the developing rodent or primate to a specific age of a human in terms of overall brain development. It might be more informative to focus on a specific brain structure or network, (e.g., amygdala, hippocampus, sensory processing network, visual network, etc), and adjust the age of experimental animals to the specific stage of development targeted in humans. An example of this approach is provided in the table in Avishai-Eliner et al. (2002) .
Timing of Stress Can Profoundly Influence Its Consequences
It was initially assumed that the neonatal period consisted of a more or less stable, unidirectional set of processes of brain development, so that the effects of stress across this period were consistent and cumulative. However, this assumption has turned out to be largely inaccurate, because even within the early postnatal period defined here, the direction and magnitude of stress-induced changes can vary dramatically according to the timing of the stress. In addition, the consequences of the timing vary for different outcome measures.
When the Outcome Measure Is the Neuroendocrine Response to Subsequent
Stress-The timing effects were found for several early-life stress paradigms. For example, in studies using a single 24-hr maternal separation (MS) a 24-hr MS during PND 3-4 led to a hyper-responsive hypothalamic-pituitary-adrenal (HPA) axis later in life, whereas the same MS procedure just days later (PND 7-8 or 11-12) resulted in a hyporesponsive or attenuated stress system (Avishai-Eliner, Yi, Newth, & Baram, 1995; van Oers, de Kloet, & Levine, 1997 ). In the model provoking CES by limited bedding and nesting material and the resulting fragmentation of maternal care, the timing is also important. When imposed during PND 2-9 or on PND 1-7 or 3-8 elevated plasma corticosterone were found (Moriceau, Shionoya, Jakubs, & Sullivan, 2009; Raineki, Moriceau, & Sullivan, 2010) . Adrenal hypertrophy in the pups was found acutely in the PND 2-9 paradigm (Avishai-Eliner, Gilles, Eghbal-Ahmadi, Bar-El, & Baram, 2001; Gilles, Schultz, & Baram, 1996) . Notably, when pups reach adulthood, the neuroendocrine Kestenbaum, 1988) . In rodents, immature pups can mount a 300-400% increases in plasma corticosterone levels in response to age-appropriate stressors. These include MS or hypothermia (Pihoker, Owens, Kuhn, Schanberg, & Nemeroff, 1993; Plotsky & Meaney, 1993; Schoenfeld et al., 1980; Walker, Scribner, Cascio, & Dallman, 1991; Yi & Baram, 1994) . These hormonal responses are mediated by stress-induced activation of CRH release and are associated with stress-induced enhancement of CRH expression in stress-responsive hypothalamic neurons (Dent, Okimoto, Smith, & Levine, 2000; Hatalski & Baram, 1997; Hatalski, Guirguis, & Baram, 1998; Yi & Baram, 1994) . Thus, rather than being unresponsive, the developing stress system seems to be tuned specifically to stresses that may be relevant to the early-life period. For example, cold exposure did not induce a strong stress response in the adult in contrast to restraint stress (Harbuz et al., 1991; Lightman & Young, 1988) , whereas cold exposure was a strong stressor in neonatal rats (Walker et al., 1991; Yi & Baram, 1994) , and restraint stress was not.
EARLY-LIFE STRESS: CHRONIC VERSUS INTERMITTENT MODELS
Commonly, early-life stress is generated by maternal separation (MS), a manipulation believed to be stressful. Simply removing the dam for extended periods of time would lead to hypothermia and starvation, so many models use intermittent maternal deprivation, resulting in intermittent stress. This paradigm modulates the quantity of maternal care. Although MS models have provided a vast amount of data on the effects of reducing maternal input on pup development, this manipulation may differ from salient human conditions. When infants and children grow up in severe poverty, famine, war or in the presence of drug-abusing mothers, the stress is typically chronic rather than intermittent. Importantly, the mother is typically present and her behavior may be stress-provoking to the child Kendall-Tackett, 2007; Koenen, Moffitt, Caspi, Taylor, & Purcell, 2003; Whipple & Webster-Stratton, 1991 ). An alternative approach for generating sustained stress is to provoke chronic and persistent changes in maternal care Ivy, Brunson, Sandman, & Baram, 2008; Moriceau et al., 2009; Raineki et al., 2012; Rice, Sandman, Lenjavi, & Baram, 2008; Roth & Sullivan, 2005; Wang et al., 2011 Wang et al., , 2012 .
The Baram group developed a model of continuous CES (simulated poverty by limiting bedding and nesting material in the cage to recapitulate these important elements of the human condition). The altered cage environment resulted in abnormal maternal care, that is, fragmented and erratic maternal-derived sensory input to the pups, generating chronic (rather than intermittent) unpredictable and uncontrollable early-life "emotional stress" Baram et al., 2012; Gilles et al., 1996; Ivy et al., 2008) . Analysis of maternal behaviors in this paradigm revealed little or no change in the overall duration of maternal care or of specific aspects of care (licking and grooming, nursing, etc. Ivy et al., 2008) . However, in both mice and rats, maternal care was fragmented and unpredictable: each nurturing behavior was shorter in duration and often interrupted, and the sequence of nurturing behaviors was unpredictable Rice et al., 2008) . Interestingly, a hallmark of maternal behavior in neglect/abuse situation is its unpredictable and fragmented quality (Gaudin, Polansky, Kilpatrick, & Shilton, 1996; Whipple & Webster-Stratton, 1991) . Further, when the limited bedding/nesting model was employed by the Sullivan group (PND 1-7, 3-8, or 8-12), rough handling of the pups by the dam was noted as a strong element of maternal behavior (Moriceau et al., 2009; Raineki et al., 2010 Raineki et al., , 2012 .
This model of CES that is based on aberrant yet existing maternal care activities has resulted in robust derangements of emotional and cognitive functions later in life in both mouse and rat studies. Therefore, it is being widely adopted and modified throughout the world (Dalle Molle et al., 2012; Green, Chen, Alvarez, Ferrari, & Levine, 2011; Gunn et al., 2013; Machado et al., 2013; Malter Cohen et al., 2013; Moriceau et al., 2009; Raineki et al., 2010 Raineki et al., , 2012 Roth, Lubin, Funk, & Sweatt, 2009; Roth & Sullivan, 2005; Wang et al., 2011 Wang et al., , 2012 . This naturalistic rodent model of CES will be described in the next section.
A NATURALISTIC RODENT MODEL OF CHRONIC EARLY-LIFE STRESS: LIMITED BEDDING/NESTING AND FRAGMENTED MATERNAL CARE
Active parental care, leading to sensory input to the developing brain, is crucial for normal development. Beyond simply providing nutrition and safety to the nest, it is maternalderived sensory stimulation that influences appropriate development and levels of gene expression patterns and stress-related neuronal circuits: sensory stimulation (licking and grooming by the dam, as well as suckling motion of the pup) appeared to act directly on CRH-Adrenocorticotropic hormone (ACTH) expression and release (Eghbal-Ahmadi, Avishai-Eliner, Hatalski, & Baram, 1999; Suchecki, Nelson, Van Oers, & Levine, 1995) and are important in maintaining basal levels of activity of enzymes and hormones necessary for normal growth (Kuhn, Butler, & Schanberg, 1978; Kuhn & Schanberg, 1998) . This input also seems to influence neural stem cell levels and neuronal and glial development (Kippin, Cain, Masum, & Ralph, 2004; Zhang et al., 2002) . It has since become clear that both quantity and quality of specific elements of maternal care are important for normal infant development. Indeed, these can be manipulated bi-directionally and lead to diametrically opposing cognitive and emotional outcomes (Brunson, Chen, Avishai-Eliner, & Baram, 2003; McEwen & Gianaros, 2011) . For example, several models of "enhanced" early-life experience, designed to increase levels of maternal care, report improved cognitive function and even later resilience to stress and psychopathology (Fenoglio et al., 2005; Fenoglio, Brunson, & Baram, 2006; Hofer, 1994; Korosi & Baram, 2009; Levine, 1967) . On the opposite end of the spectrum, reduction of maternal care may lead to adverse emotional and cognitive outcomes, as found in humans (Gunnar et al., 2001 (Gunnar et al., , 2009 Nelson et al., 2007) .
The limited bedding/nesting approach to CES does not significantly reduce the quantity of maternal care but leads to fragmentation and chaotic nature of this care that provoke profound chronic stress. The latter is manifest by both elevated plasma corticosterone and adrenal hypertrophy in the pups that is apparent already at the end of the stress (PND 9), and disappears later. Brunson et al., 2005; Gilles et al., 1996; Ivy et al., 2008) (Fig. 1) . Remarkably, augmented excitatory innervation of CRH-expressing, stress-sensitive cells hypothalamic neurons has been reported on PND 18-26 CES mice (Gunn et al., 2013) . This fact, together with the adrenal hypertrophy indicates that the CES model promotes rapid plasticity already during the stress period, in addition to long-lasting consequences. 
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Here we describe the original model, and important modifications in subsequent studies:
As devised originally in the Baram lab, the onset of the stress period is on PND 2. Pups from several litters are mixed among dams and those assigned to the CES groups are transferred to cages with limited bedding and nesting material. Specifically, the cages are fitted with a plastic coated aluminium mesh platform to sit approximately 2.5 cm above the cage floor.
Bedding is reduced to only cover cage floor sparsely, and one-half of a single paper towel is provided for nesting maternal. The impoverished cage environment prevents the dam from constructing a satisfactory nest which might be dispersed (Fig. 2) . The impoverished environment leads to significant maternal stress, and this stress is associated with alterations in the pattern of care manifest as fragmented and erratic nurturing behaviors (Ivy et al., 2008) . Detailed analysis of maternal care in this model demonstrates a pattern characterized by shortened bouts of each nurturing behavior and frequent shifts between different behaviors Ivy et al., 2008) . As mentioned above, it appears that the disrupted maternal care is a main source of CES in the pups. Indeed, when, on PND 9, dams and pups are returned to normal bedding/nesting cages, maternal behavior returns to normal within hours, and stress hormone levels are reduced (Ivy et al., 2008) .
The model of limited bedding/nesting and fragmented maternal care developed in rats, that truly recapitulates CES, has been adapted to mice (Rice et al., 2008) , and adopted and modified by several other groups. It has proven powerful, predictable and reproducible in both rat and mouse models (Dalle Molle et al., 2012; Malter Cohen et al., 2013; Moriceau et al., 2009; Wang et al., 2011 Wang et al., , 2012 . To facilitate future studies, a step-by step description of the protocol is provided in Table 1 .
Prof. Sullivan and her group have adopted and modified the paradigm in several ways, most importantly modifying the timing of CES during development (PND 1-7, 3-8, or 8-12). They aim to simulate rough and abusive maternal care patterns (Moriceau et al., 2009; Raineki et al., 2010 Raineki et al., , 2012 . Several additional groups have now published on the use of the model, typically commencing on PND 2 (Dalle Molle et Gunn et al., 2013; Machado et al., 2013; Malter Cohen et al., 2013; Wang et al., 2011 Wang et al., , 2012 . The availability of a potent mouse and rat model of CES has spurred studies in numerous labs on CES consequences and the underlying mechanisms (Tables 2 and 3 ). In the paragraphs below we discuss the established consequences of the CES model on cognitive and emotional functions, focusing on those subserved by the hippocampus and the amygdala.
COGNITIVE CONSEQUENCES OF CHRONIC EARLY-LIFE STRESS
Initial studies using the CES model focused on cognitive functions and specifically on learning and memory. During young adulthood, rats that were exposed to the limited bedding/nesting environment perform reasonably well in the MWM test of spatial learning and memory . Long-term potentiation (LTP) in response to highfrequency stimulation is also normal in both areas CA1 and CA3, although subtle changes in the properties of CA3 pyramidal cells are evident at this age. However, when these early-life stressed rats reach middle-age, impairments of synaptic and behavioral measures of hippocampus are found . Cognitive deficits in MWM test and LTP disruptions in hippocampal area have also been reported in adult mice . More recent studies have suggested that this CES graduates harbor cognitive vulnerabilities that are unmasked already in adolescence by an additional challenge or stress (Molet et al., unpublished) . In addition, memory test more stringent than the MWM may unmask these incipient cognitive vulnerabilities (ibid).
Because deficits in hippocampus-dependent learning and memory were observed, attention focused on maturation of hippocampus structure and connectivity. It has been wellestablished that the hippocampus is particularly vulnerable to the effects of stress, and when that stress occurs early in life, the deleterious effects are often persistent (Maras & Baram, 2012) . Although in mice (Rice et al., 2008) or rats exposed to the limited bedding/nesting model described above neuroendocrine parameters of their stress system have returned to baseline in adulthood (Fig. 1) , profound and overt changes in hippocampal structure and function were found Ivy et al., 2010) (Fig.  3) . Pharmacological approaches in rats, and the use of mouse genetics have suggested a major role for the neuropeptide CRH in these hippocampal structural and cognitive impairments (Ivy et al., 2010; Wang et al., 2011) .
In addition to hippocampus-mediated spatial learning, CES has profound consequences on other types of learning: major disturbances of attachment learning, a process involving amygdala-locus ceruleus-olfactory bulb network, have been described and elegantly delineated following CES perturbation (Moriceau et al., 2009 ).
EMOTIONAL CONSEQUENCES OF CHRONIC EARLY-LIFE STRESS
The consequences of CES on emotional function are profoundly important. Recent research employed the limited bedding/nesting model to examine for depressive and anxiety-like behaviors and their underlying mechanisms.
Even during preweaning period, deficits in social behaviors were observed (Raineki et al., 2012) . Importantly, Raineki et al., found depressive-like behaviors manifest by enhanced immobility time in the FST in adolescent rats experiencing rough and abusive maternal behaviors in the CES model. These behaviors were associated with increased amygdala neural activity in adolescent rats (Raineki et al., 2012) . These results support the fundamental role of the amygdala in emotional disorders (Bremner, 2003; Drevets, 1999; Ressler & Mayberg, 2007; Roozendaal, McEwen, & Chattarji, 2009; Sibille et al., 2009) .
Several additional groups reported on anxiety-like behaviors in young adult mice exposed to the limited bedding/nesting paradigm. Some behaviors, including the novelty-induced hypophagia, were associated with alteration in amygdala circuitry (Malter Cohen et al., 2013) . In the open field test (OF), anxiety-like behaviors have been reported in adult mice experiencing CES, and the generation of these behaviors required intact forebrain CRH receptor type 1 (Wang et al., 2012) . In young adult rats experiencing CES, anxiety-like behaviors were found in the EPM test, associated with increased peripheral BDNF levels (Dalle Molle et al., 2012) .
These emotional aberrations may be age-dependent, because unlike in adolescent and young adult rodents, anxiety levels in older mice or rats did not distinguish CES graduates from controls Rice et al., 2008) .
LIMITATIONS AND SUMMARY
The majority of CES models, including the one discussed here employ rodents. Rodents are obviously incapable of reproducing the rich repertoire of human development, as well as cognitive and emotional behaviors. Non-human primates, whose brains and sociality most closely represent those of humans, have provided powerful insights into the development of complex psychiatric disorders. The seminal work of Harlow and colleagues using maternally isolated rhesus monkeys as a model was the first to demonstrate that maternal-infant interactions are in fact required for normal cognitive and emotional brain development (Mason & Harlow, 1958; Seay, Hansen, & Harlow, 1962; Seay & Harlow, 1965) . More recently, using a model of maternal maltreatment in rhesus monkeys, Sanchez and colleagues suggested that this adverse early experience affects the development of brain systems involved in stress responses as well as emotional reactivity and adult abusive parenting (Maestripieri et al., 2006; Sanchez et al., 2010) . Although primate models of CES continue to provide important insights, the many practical and ethical concerns associated with the use of primates preclude their widespread use. Rodents provide tractable models of CES and have therefore become widely adopted. Maternal separation models have provided a vast amount of data on the effects of reducing maternal input on pup development, yet these focus on reduced quantity of maternal care and on intermittent stress. Because in human scenarios stress is often chronic and the mother is present but provides sub-optimal care, the current model may more closely recapitulate many forms of CES in humans. These include inconsistency and lack of sensitivity of the mother and even abuse Kendall-Tackett, 2007; Koenen et al., 2003; Whipple & Webster-Stratton, 1991) .
As illustrated above, it appears that though relatively new, the continued adoption of robust CES models in rodents may provide a valuable tool for identifying the long-term consequences of CES on brain development and vulnerability to disease, and the underlying mechanisms. Whereas much has already been discovered, numerous research avenues have not been explored, including the role of CES on the bed nucleus of the stria terminalis and prefrontal cortex function and structure, gender differences, and importantly, geneenvironment interactions. CES models should be very useful to examine the interaction of single gene and multiple gene variations and mutations with early-life stress as determinants of psychopathology (Caspi et al., 2002; Heim & Binder, 2012; Martin, Ressler, Binder, & Nemeroff, 2009 ).
In summary, animal models of CES provide important tools to study normal adaptation as well as the role of early-life experience in resilience and vulnerability to cognitive and emotional stress-related disorders. Given the importance of mother-infant interactions, it is reasonable for most animal models to focus on manipulating maternal care. Because in infants chronic early-life psychological stress typically results from abnormal behaviors of a present mother, CES models described here, based on simulated poverty and fragmented, Parameters indicative of chronic stress in 9-day-old pups experiencing a week of CES; (left column) and in adult male rats (12 months of age; right column). Elevated basal corticosterone levels, higher adrenal weights, and modestly lower body weight are found in chronically stressed 9-day old rats. These changes are no longer apparent in adult rats. * Photograph of a cage at the moment of onset of the limited bedding/nesting chronic earlylife stress paradigm in rats. Note the fine, plastic-coated aluminium-mesh floor and the shredded paper towel. The cage is placed on a metal cart. 
Time-pregnancy
Order time-pregnant females from your animal supplier or arrange to breed females in-house.
To limit the effects of previous experience on the dam's maternal behavior and response to stress, always use virgin naïve females.
Minimize disturbances and other stress sources throughout pregnancy.
Check for births at least twice daily on the days surrounding expected parturition; at least two dams will give birth within the same 10-12 hr period to mix the pups across litters on the day of manipulation.
Postnatal Day 2
Prepare limited bedding and nesting cages:
Start with clean, empty standard housing cages. Plastic-coated aluminium mesh dimensions: 0.4 cm × 0.9 cm. McNichols Co., Tampa, FL catalog no. 4700313244.
Position a fine-gauge, plastic coated aluminium mesh platform to sit approximately 2.5 cm above the cage floor. Folding edges of mesh along the length approximately 3 cm so that platform sits above the bottom of the cage, permitting droppings to fall below the platform without trapping the pups.
Cover cage floor with a small amount of standard bedding. This should not reach the top of the mesh.
Provide a limited amount of nesting material. For rats, add one-half of a single paper towel to cage. For mice, add one-half of a single NESTLET square (Ancare, Bellmore, NY).
Limited bedding/nesting manipulation:
To minimize genetic factors, pups from several dams are mixed and matched and assigned to CES or control dams at random.
Be careful the separation time is limited to under 15-20 minutes.
For each litter, quickly and gently remove all pups from the home cage; identify the sex of each pup (using anogenital distance) and place males and females into separate, euthermic holding cages.
Repeat for each litter, keeping separate holding cages for male and female pups.
Once all litters are removed and sorted, randomly assign dams to the control or limited bedding/nesting conditions. Place dam into fresh, clean standard cage (with normal amounts of bedding and nesting material). Randomly transfer pups from the male and female holding cages to control cage with the dam.
Litter size: because it influences both pup weight and hence maturation of the brain, as well as maternal behaviors per pup, we typically have 4 -6 pups per mouse litter and 10-12 per rat litter. Final sex ratio should be approximately 1:1.
Limited bedding/nesting cages: Place dam into cage with mesh platform and limited bedding and nesting material. Randomly transfer pups from the male and female holding cages to the experimental cage with the dam.
Counter-balance the order in which you replace pups with the dams between control and limited bedding/nesting conditions to limit differences in the total duration pups are separated.
Postnatal Day 2-9 Leave control and limited bedding/nesting cages undisturbed (and unchanged) until postnatal Day 9.
Observe maternal behavior during that period at least twice daily, as described in Ivy et al., 2008 . Alternatively, video behavior. Consider looking at continuous behaviors and patterns of care over 60-90 minutes.
Postnatal Day 10
In the morning, change all cages (control and limited bedding/nesting) to fresh, standard cages with normal bedding and nesting material.
Return cages to standard husbandry and changing schedules.
Postnatal Day 21
Wean animals from dam. House same-sex litter-mates in the same cage. All animals should be housed in temperature-controlled, quiet, uncrowded conditions on a 12-hr light,
